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7KH FRDO SXUFKDVH FRVW DFFRXQWV IRUPRUH WKDQ >@ RI WKH WRWDO RSHUDWLRQ FRVW RI WKHUPDO SRZHU
SODQW6RXQVWDEOH FRDO VXSSO\PD\ OHDG WR WKH IUHTXHQW FKDQJHRI FRDOSURSHUWLHVZKLFKUHVXOWV VHULRXV
FRNLQJLJQLWLRQGHOD\DQGKLJKHUFDUERQFRQWHQWRIIO\DVKHWFRIDGYHUVHHIIHFWV>@
,I WKH FRNHV DGKHULQJ WR WKHKHDWLQJ VXUIDFH RI IXUQDFH IDOO LQWR WKHZDWHU VHDO WDQNDW WKH ERWWRP RI
KRSSHU WKHXQEXUQWFDUERQZLOOUHDFWZLWKZDWHUDQGLWPD\DFFXPXODWHWRDKLJKFRQFHQWUDWLRQRI&2
DQG+LQWKHORFDODUHD:KHQRWKHUKLJKWHPSHUDWXUHSDUWLFOHVRUFRNHIDOOLQWRWKHVHDUHDVLWPD\FDXVH
WKHGHIODJUDWLRQZKLFKPD\OHDGWRIXUQDFHSUHVVXUHIOXFWXDWLRQ
7KHGHIODJUDWLRQFKDUDFWHULVWLFVRI&+FRQWDLQLQJ&2KDYHEHHQVWXGLHGLQGHSWKDQGERWK&2DQG
1KDYH REYLRXVO\ LQKLELWLQJ HIIHFWV>@%XW WKH GHIODJUDWLRQ FKDUDFWHULVWLFV RI&2+PL[WXUHVXQGHU
FRPSOH[FRQGLWLRQDUH VWLOO ODFNRIGHWDLOHGWHVWGDWD&2+GHIODJUDWLRQFKDUDFWHULVWLFVXQGHU FRPSOH[
DWPRVSKHUH DQG WHPSHUDWXUH FRQGLWLRQVDUH VWXGLHG H[SHULPHQWDOO\ LQ WKH SDSHU7KH WHVW UHVXOWV FDQ EH

7DQ+RX]KDQJ7HOID[
(PDLODGGUHVVO\\[MWX#JPDLOFRP
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XVHG WR GHWHUPLQHZKHWKHU WKH ORFDO DWPRVSKHUH LQKRSSHU LV LQ GDQJHU RI GHIODJUDWLRQ DQG SURYLGH WKH
WKHRUHWLFDODQGTXDQWLWLYHEDVLVWRUHPRYHWKHGHIODJUDWLRQGDQJHUV
([SHULPHQW6\VWHP
7KH H[SHULPHQWDO V\VWHP LV VKRZQ LQ ILJXUH 7KH WHVW WXEH LV PP LQ OHQJWK ĭ îPP LQ
GLDPHWHUDWWKHILUVWKDOIDQGĭîPPLQGLDPHWHUDWWKHVHFRQGKDOI0L[HGJULOOHDQGFKHFNYDOYH
DUHHTXLSSHGLQHQWUDQFHDQGXVHGLQJDVPL[WXUHDQGSUHYHQWLQJSUHVVXUHZDYHLQYHUVH7KUHHSUHVVXUH
PHDVXULQJSRLQWV$%&IURPXSVWUHDPWRGRZQVWUHDPDUHVHWWRDFTXLUHSUHVVXUHGDWH6SDUNSOXJLV
DGRSWHG DV LJQLWLRQ DQG LWV RXWSXW YROWDJH LV N9 7KH SUHVVXUH WUDQVGXFHU LV '<75$19
SLH]RHOHFWULFSUHVVXUHVHQVRUZKLFKVDPSOLQJ IUHTXHQF\ LVN+]'DWDDFTXLVLWLRQV\VWHP LV'(:(
SRUWDEOHGDWDDFTXLVLWLRQV\VWHPDQGLWVKLJKHVWVDPSOLQJUDWHLVN+]

)LJ([SHULPHQWDOVHWXSDGRSWHGIRUWKLVVWXG\
5HVXOWVDQG$QDO\VLV
([SHULPHQWV XQGHU DOO GLIIHUHQW FRQGLWLRQV ZHUH UHSHDWHG WKUHH WLPHV DQG WKH HUURU DQDO\VLV ZHUH
FRQGXFWHGWRYHULI\WKHDFFXUDF\DQGUHOLDELOLW\
3UHVVXUHWLPHKLVWRULHVDQDO\VLV
)LJXUH D VKRZV WKH SUHVVXUH WLPH KLVWRULHV DW GLIIHUHQWPHDVXULQJ SRLQW DQG WKHZKROH GHIODJUDWLRQ
SURFHVVODVWVDERXWPV7KHQ]RRPLQJLQWKHQHDUE\DUHDRIWKHSUHVVXUHSHDNDVVKRZQLQILJXUHE
WKHWLPHLQWHUYDOEHWZHHQHDFKGDWDSRLQWLVPVDQGWKHWLPHGLIIHUHQFHEHWZHHQHDFKSUHVVXUHSHDN
LVDERXWPV6RWKHDYHUDJHSURSDJDWLRQYHORFLW\RIWKHSUHVVXUHZDYHFDQUHDFKWRDERXWPV
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)LJXUH3UHVVXUHWLPHKLVWRULHVDWGLIIHUHQWPHDVXULQJSRLQW&2ˈ+ˈDLUˈ&2
7KHLQIOXHQFHRIWHPSHUDWXUHRQ&2+GHIODJUDWLRQSUHVVXUHSHDN
)LJXUHVKRZVWKHLQIOXHQFHRIWHPSHUDWXUHRQSUHVVXUHSHDNRI&2+JDVPL[WXUH,QWKHWHVW+&2
&2 FRQFHQWUDWLRQV DUH FRQWUROOHG DW   DQG  UHVSHFWLYHO\ 6HHQ IURP WKH ILJXUH WKH
 Yuanyi Liu et al. /  Energy Procedia  61 ( 2014 )  2089 – 2092 2091
GHIODJUDWLRQ SUHVVXUH SHDN GHFUHDVHG VLJQLILFDQWO\ DORQJ ZLWK WKH ULVH RI HQYLURQPHQWDO WHPSHUDWXUH
:KHQWKHWHPSHUDWXUHLVKLJKHUWKDQ WKHGHIODJUDWLRQSUHVVXUHć SHDNZLOOEHORZHUWKDQNSDDQG
WKHFROGDVKKRSSHUDUHDZLOOQRORQJHUGHIODJUDWH
7KHLQIOXHQFHRI1&2RQORZHUGHIODJUDWLRQOLPLWRI&2+
7KH GHIODJUDWLRQ OLPLW LV GHILQHG DV WKH FRPEXVWLEOH JDV FRQFHQWUDWLRQ ZKHQ WKH GHIODJUDWLRQ
RYHUSUHVVXUHH[FHHGV>@'XH WR WKHFRPEXVWLEOHJDVHVFRQFHQWUDWLRQ LQWKHFROGDVKKRSSHUFDQQRW
UHDFK WKH XSSHU GHIODJUDWLRQ OLPLW LQ JHQHUDO VR RQO\ WKH ORZHU GHIODJUDWLRQ OLPLW /'/ XQGHU HDFK
FRQGLWLRQLVVWXGLHG7KHVROLGOLQHVLQ)LJXUHVKRZWKHLQIOXHQFHRI&2ǃ1RQWKH/'/RI&2ZLWK
WKHDGGLWLRQRI&2RU1YROXPHFRQFHQWUDWLRQIURPWRWKH/'/RI&2LQFUHDVHVIURPWR
DQGUHVSHFWLYHO\LQDQQHDUO\OLQHDUO\WUHQG'RWWHGOLQHVVKRZWKHLQIOXHQFHRI&2ǃ1RQ
WKH/'/RI+ZLWKWKHULVHRI&2DQG1FRQFHQWUDWLRQWKH/'/RI+LQFUHDVHGIURPWR
DQG UHVSHFWLYHO\ ,Q DGGLWLRQ VHHQ IURP WKHVH WZRJURXSV RI WKH FXUYHVZLWK WKH VDPHPL[WXUH
UDWLRWKHLQIOXHQFHRI&2IRUWKH/'/LVREYLRXVO\KLJKHUWKDQWKDWRI1
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)LJXUH7KHLQIOXHQFHRI1&2RQ/'/RI&2+
6XSSUHVVLRQHIIHFWRI1DQG&2RQ&2+GHIODJUDWLRQ
)LJXUH  VKRZV WKH VXSSUHVVLRQ HIIHFW RI LQHUW JDV1 DQG&2 RQ&2+PL[WXUH GHIODJUDWLRQ7KH
&2+ WR R[\JHQ PROH UDWLR LV FRQWUROOHG DW VWRLFKLRPHWULF UDWLR 7KH VROLG OLQHV VKRZ WKDW WKH
RYHUSUHVVXUHGHFUHDVHGZLWKWKHLQFUHDVHRI&2DQG1FRQFHQWUDWLRQ:KHQWKHUHLVQRLQHUWJDVDGGHG
WKHRYHUSUHVVXUHRIPHDVXULQJSRLQW%FDQUHDFKWRN3DZKLOHZKHQRI1&2LVDGGHGWKH
RYHUSUHVVXUH GHFUHDVHG WR N3D N3D 7KH SURSDJDWLRQ YHORFLW\ RI SUHVVXUH ZDYH EHWZHHQ
PHDVXULQJ SRLQW% DQG& VKRZQE\ WKH GRWWHG OLQH DOVR GHFUHDVHV DORQJZLWK WKH LQFUHDVH RI LQHUW JDV
FRQFHQWUDWLRQREYLRXVO\7KHVXSSUHVVLRQHIIHFWRI&2LVPRUHVLJQLILFDQWWKDQWKDWRI1
$OWKRXJKWKHVSHFLILFKHDWDWFRQVWDQWYROXPHRI&2LVOHVVWKDQWKDWRI1XQGHUćFRQVLGHULQJ
WKDWWKHPRODUZHLJKWRI&2LVELJJHUWKDQWKDWRI1XQGHUWKHVDPHYROXPHIUDFWLRQKHDWDEVRUSWLRQ
FDSDELOLW\RI&2ZLOOEHJUHDWHUWKDQWKDWRI1DQGWKHKLJKHUWKHWHPSHUDWXUH WKHJUHDWHU WKHJDSRI
KHDW DEVRUSWLRQ FDSDELOLW\ 6R GXULQJ WKH GHIODJUDWLRQ SURFHVV HVSHFLDOO\ XQGHU WKH KLJKHU WHPSHUDWXUH
FRQGLWLRQ&2DVWKHH[SORVLRQVXSSUHVVLRQJDVZLOODEVRUEPRUHHQHUJ\DQGLWVVXSSUHVVLRQHIIHFWZLOO
DOVREHPRUHREYLRXV
7KHLQIOXHQFHRI&2+UDWLRRQGHIODJUDWLRQFKDUDFWHULVWLFV
)LJXUHVKRZV WKH LQIOXHQFHRI&2+UDWLRRQSUHVVXUHSHDN:LWKWKHLQFUHDVHRI&2+UDWLR WKH
RYHUSUHVVXUH UHGXFHV JUDGXDOO\ 5HVHDUFKHV LQGLFDWHG WKDW GU\ &2 ZRXOG QRW UHDFW ZLWK DLU REYLRXVO\
XQGHUć>@%XWLIWKHUHLV+RUYDSRXUDGGHGWKHLQFUHDVHGDFWLYDWLRQFHQWHUVRI+2+DQG2FDQ
DFFHOHUDWHWKHUHDFWLRQREYLRXVO\8QGHUWKHVDPHFRQGLWLRQRI LJQLWLRQ WKHKLJKHU WKH&2+UDWLR WKH
OHVV WKHDFWLYDWHGPROHFXOHVZLOO EHDQG WKH OHVVPROHFXOHVZKLFKKDYH FKDLQ UHDFWLRQVZLOO EHZKLFK
UHVXOWV WR WKH PRUH JHQWOHU GHIODJUDWLRQ UHDFWLRQ DQG SUHVVXUH SHDN 6R XQGHU WKH IODPPDEOH JDV
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DWPRVSKHUH DW WKH ERWWRP RI FROG DVK KRSSHU WKH DPRXQW RI+ JHQHUDWHG LQ WKH JDVLILFDWLRQ UHDFWLRQ
SOD\VDGHFLVLYHUROHIRUWKHGHIODJUDWLRQVWUHQJWK
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)LJXUH7KHLQIOXHQFHRI&2+UDWLRRQSUHVVXUHSHDN
&RQFOXVLRQV
&RQFOXVLRQV FDQ EH GUDZQ  7KH /'/ RI WKH &2+ZRXOG ULVH DQG GHIODJUDWLRQ VWUHQJWKZRXOG EH
ZHDNHQHGZLWK KLJKHU WHPSHUDWXUH 7KH /'/ RI &2 RU+ZRXOG ULVH OLQHDUO\ZLWK WKH LQFUHDVLQJ
FRQFHQWUDWLRQRI&2DQG1:KHQWKHDGGHGYROXPHFRQFHQWUDWLRQRI&2RU1ULVHIURPWRWKH
/'/RI&2ULVH IURPWRDQGUHVSHFWLYHO\DQGWKH/'/RI+ ULVH IURPWR
DQGUHVSHFWLYHO\&2DQG1KDYHVLJQLILFDQWVXSSUHVVLRQHIIHFWRQ&2+GHIODJUDWLRQ
:LWK WKH&2 1 FRQFHQWUDWLRQ ULVLQJ IURP WR  WKH SUHVVXUH SHDN RI&2+PL[WXUH GHFUHDVHV
IURP N3D WR N3D N3D 3URSDJDWLRQ YHORFLW\ LV OLQHDUO\ GHVFHQGLQJ WUHQG DORQJZLWK WKH
LQFUHDVHRIWKHFRQFHQWUDWLRQRIH[SORVLRQVXSSUHVVLRQJDV7KHKLJKHU&2+PROHUDWLRWKHZHDNHU
WKHGHIODJUDWLRQLV+SOD\VDGHFLVLYHUROHLQWKHPL[WXUHGHIODJUDWLRQSURFHVV
$FNQRZOHGJHPHQW
7KLV VWXG\ZDV VXSSRUWHG E\ WKH1DWLRQDO1DWXUDO 6FLHQFH)RXQGDWLRQ RI&KLQD 1R  DQG

5HIHUHQFH
>@/LX=KHQGRQJ<DQJ-LH,QIOXHQFHRILQIHULRUFRDORQVDIHDQGHFRQRPLFRSHUDWLRQRIXWLOLW\ERLOHU-3RZHU6\VWHP(QJLQHHULQJ

>@6WHSKHQVRQ3&RPSXWHUPRGHOOLQJRIWKHFRPELQHGHIIHFWVRISODQWFRQGLWLRQVDQGFRDOTXDOLW\RQEXUQRXWLQXWLOLW\IXUQDFHV-
)XHO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